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Abstract — Significant research and press has recently 
focused on the fabrication freedom of Additive Manufacturing 
(AM) to create both conceptual models and final end-use 
products. This flexibility allows design modiflcations to be 
immediately reflected in 3D printed structures, creating new 
paradigms within the manufacturing process. 3D printed 
products will inevitably be fabricated locally, with unit-level 
customization, optimized to unique mission requirements. 
However, for the technology to be universally adopted, the 
processes must be enhanced to incorporate additional 
technologies; such as electronics, actuation, and 
electromagnetics. Recently, a novel 3D printing platform, 
Multi^® manufacturing, was funded by the presidential initiative 
for revitalizing manufacturing in the USA using 3D printing 
(America Makes - also known as the National Additive 
Manufacturing Innovation Intuitive). The MultE® system 
specifically targets 3D printed electronics in arbitrary form; and 
building upon the potential of this system, this paper describes 
RF antennas and components fabricated through the integration 
of material extrusion 3D printing with embedded wire, mesh, 
and RF elements. 

Index Terms — antenna, micro-strip 3D printing. 

I. Introduction 

In recent years, 3D printing has produced many 
exciting advances for high value highly customizable 
products. This ability, to create on-demand prototyping, has 
garnered interest from medical applications to the defense and 
aerospace industries. However, until recently, the structures 
produced using 3D printing have been purely mechanical in 
nature [1-13]. In order to overcome this limitation, the W. M. 
Keck Center for 3D Innovation, located at the University of 
Texas at El Paso, has been investigating the process of 
incorporating electrical components and sensors directly into 
the material extrusion 3D printing (ME3DP) process, 
commercially known as fused deposition modeling (FDM) [1- 

3]. 

In order to provide the complete spatial control and 
device functionality required to produce next generation 
electronic 3D printed structures, the W. M. Keck center is in 
the process of constructing a novel Multi^° manufacturing 
system. This exciting technology is funded by the America 
Makes presidential initiative, created in order to revitalize 
manufacturing in the United States. The Multi^° system (Fig. 


1) is aimed to provide: extrusion of multiple thermoplastic 
materials, micromachining, and the ability to embed multiple 
types of wires and fine pitch meshes. The penultimate goal of 
the exciting system is the production of 3D printed structures 
integrating complex polymer materials (Radiation shielding or 
high permittivity), electrical components (microcontrollers, 
interconnects and sensors), thermal management systems 
(heat piping or radiators), and antenna communication 
systems. 

The America Makes system operates by taking 
advantage of the layer-by-layer nature of ME3DP. For 
example, this system will be able to print a layer of 
thermoplastic, embed electrical interconnects, place a 
microcontroller, and then continue printing additional layers 
of thermoplastic. After a few additional printed layers, the 
system is able to embed a copper mesh ground plane, print 
dielectric spacers of a secondary material, and then embed an 
antenna. The result would be a monolithic structure with 
antenna/ground plane functionality as well as a 
microcontroller or balun control system connected to an SMA 
connector. Full system integration, as described, would allow 
full three-dimensional design freedom including: component 
placement, material placement/properties, and electrical 
routing. The link between the various manufacturing stations 
is a six-axis robot that will function as a “work piece handler.” 
The work piece will be transported on a portable build 
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Fig. 1 . CAD rendering of multi3D system showing 
multiple build bays, a CNS router, and two FDM machines. 
The blue automated arm moves the build platform between 
bays. 


II. Antenna Fabrication and Results 
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Fig. 2. Multi^° system in present arrangement, shown is 
one FDM 400mc and automated arm used to move the 
build platform from between build bays. 


platform and eneompassed by a heated travel envelope that 
will mitigate drastie thermal ehanges known to eause warping. 
The system is shown in Fig. 2. 

The antennas analyzed in this paper are only a small 
fraetion of the potential geometries. Fig. 3 shows a few 
additional embedded antennas whieh were fabrieated, and ean 
be direetly embedded into the sidewall of spaeed based 
platforms, sueh as the moek-up eubesat shown in Fig. 3b. 
Initial antenna and miero-strip fabrieation has ineorporated 
pateh antennas, multi-layer miero-strips, and spiral dipole 
antennas [14]. These three examples eontain monolithie 
geometries and multiple layers of eomponents, whieh are 
designed to be ineorporated with the Multi^° system. Eaeh 
represents an advanee in potential a partieular area of 
embedded eommunieation systems, but all ean be 
ineorporated into 3D printing, and have undergone multiple 
prototyping versions, highlighting the flexibility of 3D 
printing. More information on the pateh antenna ean be found 
in [14]. 


A. Spiral Dipole Antenna 

A spiral design was seleeted for its small size and eireular 
polarization, and an Arehimedean spiral was ehosen over 
logarithmie to faeilitate the fabrieation using embedded wires. 
Although spirals are naturally bidireetional, a ground plane 
was added to improve the direetionality. Traditionally, a 
unidireetional spiral may be baeked by an absorbing eavity to 
eliminate the baek lobes. However, this radiation ean instead 
be refleeted by spaeing the ground plane A,/4 away from the 
spiral sueh that the refleetions reinforee radiation at a desired 
frequeney [15]. This also has the benefit of keeping the spiral 
low-profile by avoiding the bulky eavity of absorber. 
However, this approaeh eomes at the expense of the normally 
wide-band nature of the spiral, ereating resonanees that are 
partieularly sensitive to the physieal spaeing of the deviee. 

The physieal strueture spiral dipole antenna, shown in Fig. 
4a, was designed using SolidWorks®, and fabrieated using a 
Stratasys FDM 400me. The Sprial antenna was printed on 
Stratasys polyearbonate (printed using T16 print tips) 
ealibrated with raster widths of 254|Lim. The FDM 400me 
printed the polyearbonate base of the antenna with default 
temperatures, raster orientation, and raster spaeing. This 
dipole antenna was fabrieated using approx. 3 eubie inehes of 
material, whieh eorresponds to approx. 1/34 of a eontainer of 
polyearbonate filament, or about 12 U.S. dollars. 

The spiral pattern was designed for 1.0 - 10.0 GHz, with 
the ground plane spaeed a quarter-wavelength away in 
polyearbonate (sr=2.9) to reinforee frequeneies at 2.0 GHz. 
The resonanees ereated by this spaeing were observed to be 
sensitive to the fabrieation, although they were reprodueible 
and eould be optimized to a partieular frequeney. The spiral 
antenna itself was designed using CST Mierowave Studio and 
saved as an Autoead® file. The spiral design was then 
eonverted to .geode and exported to the gantry mounted wire 
embedding system. This wire embedding system utilizes a 
speeially designed ultrasonie head whieh produees loealized 
heating within the eopper wire and then forees the wire below 
the thermoplastie surfaee. The ultrasonie head and embedding 
proeess ean be seen ereating a fraetal antenna in Fig. 3a. 



Fig. 3. A eustom ultrasonie horn is shown embedding a 32 gauge wire into the sidewall of a polyearbonate eubesat design 
(a). The final eubesat with both a fraetal antenna and a spiral antenna embedded on the side wall (b), this was done using 
ultrasonie embedding, (e) A dipole antenna was embedded on a 2mm thin polyearbonate sheet using a 26 gauge wire and a 
thermal embedding method. 
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Fig. 4. Experimental Sll parameters of dipole spiral 
antenna (a). The spiral antenna in the proeess of being 
measured at NASA Glenn Researeh eenter (b), not 
shown is baek refleeting plane added post proeess to 
inerease signal. 


The resulting antenna was tested in an aneehoie ehamber 
at NASA Glenn Researeh Center, and ean be seen in Fig. 4a, 
with the Sll parameters shown in Fig. 4b. The resulting 
radiation pattern and return loss are shown in Fig. 5a and Fig. 
5b. In order to showease the prototyping flexibility of our 
system, a seeond dipole was designed with an embedded mesh 
refleeting ground plane. The new prototype antenna was 
fabrieated with the same proeedure as the previous version. 
However, this version was fabrieated using approx. 15 eubie 
inehes of material, whieh eorresponds to approx. 1/6 of a 
eontainer of polyearbonate filament, or about 66 U.S. dollars. 
Following the ultrasonie spiral embedding, a fine piteh mesh 
ground plane was embedded with a thermal embedding 
proeess, and then eneapsulated with additional layers of 
thermoplastie in the FDM 400me. This antenna ean be seen 
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Fig. 6. Experimental Sll parameters of a dipole antenna 
with an embedded/eneapsulated mesh baek refleeting 
plane (a). The spiral antenna after embedding (b), and the 
baek refleeting plane before embedding and eneapsulation 

(c). 

in Fig. 6b and Fig. 6e and the Sll parameters are shown in 
Fig. 6a. The experimental and simulated radiation pattern is 
shown in Fig. 7a and the return loss is shown in Fig. 7b. 


B. Microstrip 

The mierostrip antenna used in this work was designed in 
ANSYS HFSS (Fig. 6a) and then exported to SolidWorks® for 
additional design proeessing. The build was separated into 
three build/embedding steps. The resulting miero-strip is a 
three layer monolithie design ineorporating two vertieal 
intereonneets. This antenna was built using a table top 
MakerBot ME3DP whieh is representative of possible 
additions to empty bays within the Multi^° system. 

This miero-strip was produeed using aerylonitrile 
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Fig. 5. Experimental and simulated (a) radiation pattern Arehimedian spiral antenna vlat a frequeney of 2.0 GHz. The (b) 
radiation pattern of the Arehimedian spiral with an embedded baek refleeting plane is shown at a freaquenev of 3.0 GHz. 




Fig. 8. A multilayer micro-strip designed in HFSS (a). The micro-strip being tested for S21 (b), this was after 
construction was completed and two SMA connectors were soldered to the mesh micro-strip. Measured and simulated S21 
results are shown in (c), the micro-strip appears high loss due to impedance miss-match at the SMA connector. 


butadiene styrene (ABS) and fine pitch copper mesh. The 
ABS was printed at 240 °C with a print bed temperature of 1 10 
°C. SMA connectors were attached to both sides of the micro- 
strip design using solder, shown in Fig. 8b. All meshes were 
embedded using the same process explained in section Ila. 
The resulting antenna was tested using a network analyzer, the 
resulting transmission spectra (S21) is shown in Fig. 8c. 


III. Conclusion 

This work has examined the feasibility and flexibility of 
designing and fabricating complex antennas using a single 3D 
printing system. In particular, this work examined a multilayer 
micro-strip and a dipole antenna. The next version of the spiral 
antenna will incorporate an embedded mesh balun and 
compare the results to prefabricated duroid balun. 
Additionally, the next version of the micro-strip will 
implement unique mesh plane geometries to account for 
impedance matching constraints. However, using the MultiSD 
system, it will become possible to easily incorporate these, and 
other changes along with an even larger array of antenna 
designs, ranging from conformal designs to those embedded 
within the sidewalls of high cost items, such as cubesats. 

Also, this work demonstrates that a 3D printing system 
capable of utilizing multiple build zones and embedding areas 
can increase the flexibility of an already extremely capable 
manufacturing platform. It is the hope that incorporating 
electronics, as well as these antenna systems into a 3D printed 
structure will farther advance the state of the art, and drive 
forward ME3DP technologies. 
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